U. of Iowa 65'22

LOW-ENERGY PROTON AND ELECTRON EXPERIMENT
FOR THE ORBITING GEOPHYSICAL
OBSERVATORIES B AND E*

by

L. A. Frank

July 1965

Department of Physics and Astronomy
University of Iowa
Iowa City, ITowa

/

*

Research supported in part by the National Aeronautics and -
Space Administration under Grant NsG=233-62 and by the Office
of Naval Research under Contract Nonr-1509(06).




The instrumentation and calibrations of the University
of Towe low~-energy proton and electron experiment for the
Orbiting Geophysical Laboratories (0GO) B and E are described.
The experiment utilizes cylindrical curved-plate electrostatic
analyzers to provide measurements of the differential energy
spectrums of protons and electrons within and in the vicinity
of the earth's magnetosphere. Continuous channel multipliers
(Bendix 'Channeltrons') are used to count individual charged
particles accepted by the analyzers and provide the instru-
ment with a dynamic range in proton and electron intensities
extending from ].0”L to 1010 (cm2-sec-sr)'l in a given energy
bandpass of the electrostatic analyzer. The widths of the
energy bandpasges of the electrostatic analyzers are
sufficiently wide to cover the entire energy range extending
from 90 eV to 70,000 eV (protons and electrons separately)
in 1 voltage steps on the curved plates. The four electro=
static analyzers (two analyzers each for protons and electrons
covering the above energy range) complete with signal
conditioner, high~voltage power supplies, and thermal shell
require an average power of 2 watts and an instrumental,

weight of 6.3 pounds. M/



I. INTRODUCTION

Previous descriptions of the Low-Energy Proton and
Electron Differentiel Energy Analyzer (abbreviation: LEPEDEA)
in its earlier stages of development are as follows:

"SUI Experiment for the Interplanetary Monitoring
Platforms (IMP F and G)" by L. A. Frank, dated

4 August 196k,

"SUT Experiment for the Eccentric Orbiting Geo-
physical Observetory 0GO-E (Experiment No. 7)"
by L. A. Frank, dated 8 August 196h4.

"Further Information Concerning the SUI Experiments
for IMP's P and G and 0GO-E" by L. A. Frank,
dated 4 September 1964.

The present report concerns the instrumentation and calibration

of the OGO B LEPEDEA experiment,

The OCC B 2nd E LEPEDEA evperiments

c0CC B and ra degigned to

measure the differential energy spectrumg of protons and
electrons over the energy range 50 e¥ to 70,000 eV within

and in the vicinity of the earth's magnetosphere. The
instrumentation employs cylindrical curved-plate electrostatic

analyzers to identify the energy and the species* (protons

*a charged particles with a given E/Q where E is the energy
and Q is the charge of the particle will be equally accepted

by the analyzer. For practically all epplications of this
instrument for magnetospheric measurements the charged particles
will be electrons (Q = -1) and protons (Q = +1).



and/or electrons) of & beam of charged particles and Bendix
continuous channel multipliers as particle detectors. The
dynamic range of the instrument extends from 10° to 10%°
particles (czm‘?-sec-sr)'l within a given energy band-pass
( A E/E ~ 0.45) and the minimum time for resolving temporal
variations in the intensity of charged particles of given
energy is ~ 100 milliseconds. The rapid spectrum scan mode
(the instrument has two modes of operation) which is
sccomplished by means of sweep voltages on the analyzer
plates covers the energy range 50 eV to 70,000 eV in a
period ~ 25 seconds with a repetition rate of once each
300 seconds; this operation mode is followed by a stepped
band-pass mode of 1l voltage steps on the electrostatic
analyzer plates which fully scans the energy range 90 eV to
70,000 eV. In order +to provide s coarge anguler distribut
with the nonespinning spacecraft, two sets of electrostetic
anglyzers, each set composed of one analyzer each for electrons
and for protons with the above energy ranges, are mounted such
that the axes of their fields of view are orthogonal
(approximately along the +Y and +Z spacecraft body axes).
Investigetive areas of interest include surveys of

protons and electrons in the magnetopause-transition region

on the sunward side of the magnetosphere, & search for ring-



current protons, measurements of the electron and proton
spectrums and morphologies in the outer radiation zone as &
function of radial distance, an investigation of low-energy
protons and electrons in the inner raediastion zone, and an
analysis of charged particle intensities and spectrums in
the neutral sheet and in the 'spikes' of electron and proton
intensities in fhe local-night hemisphere of the magnetosphere.
Detailed researches of speéific phenomena and correlation with
the results of other 0G0 B and E experiments and of grounde
based observations should provide an almost inexhaustible source
of investigative opportunities.

Although the present discussion concerns the OGO B and E
LEPEDEA experiments similar instrumentation with modifications
according to the attitude control, orbit, and mission of the

specific gatellite is plamned for IMP's F and G and Injun V.



II. DESCRIPTION OF THE INSTRUMENTATION

The basic components of the OGO B LEPEDEA instrumentation,
neglecting the signal conditioner and the timing pulse
generator, are shown in the block diagram of Figure 1. The
experiment consists of two sets of the components shown in
Figure 1 with a common low-voltage power supply and signal
conditioner. The puléé' of electrons initiated by a primary
proton or electron (according to the appropriate electro=
static analyzer chamnel) incident on the aperture of the
correspon&ing_ continuous channel multiplier, a Bendix
"Chammeltron”, is collected by a small collector plate
which provides the input %o a voltage~sensitive amplifier
followed by a discriminator; the discriminator output is
suitable for subcommtation and accumulation in the experiment
signal conditioner. In order to extend the dynamic range of
the instrument and to remain within the storage capacity of
the signal conditioner accumulator (32,767 counts with a
maximum eccumulation period of ~ 1 second at the 1 kb (sec)™t
spacecraft telemetry rate) the discriminators have been
provided with rate-limiting electronics which produce a non-
linear response curve beginning at ~ 10,000 counts (sec)'l
and allow detector counting rates up to 150,000 counts

(sec)"’L t0 be processed by the signsl conditioner with




reasonable counting rate resolution. In order to suppress a
variebility in the overall res_pohse of the LEPEDEA due to &
secular change in the gain of the continuous chennel multipliers,
the pulse amplitude threshold of the amplifier has been set

as low as possible without introducing a significant background
( < 0.01 count. (sec) ) due to highuvoltage power supply and
spacecraft noises. This pvlse amplitude threshold is ~ 3 mV
and since the typical pulse amplitude from the continuous
channel multiplier is ~ 150 mV a severe gain decrease of the
multiplier by a factor of 20, for example, will decrease the
overall sensitivity of the LEPEDEA by ~ 20%. Laboratory
operation of the LEPEDEA at & pressure of 1072 mm Hg for

~ 100 hours showed that a drift in its efficiency for counting
charged particles was indetectable to within the measurement
error of ~ 3%. Stimulation of the continuous channel
multipliers in the LEPEDEA with a 6'060 source provides & more
sensitive measure of the multiplier gain drifts since the

~ 1 MeV y-rays produce secondary electrons along the entire
length of the multiplier and provides a distribution of output
pulses extending from O to ~ 150 mV which are in turn fed into
the amplifier with a fixed threshold of 3 mV. The drift in
the sbsolute gain of the four multipliers mounted in the

OGO B LEPEDEA as deduced with the 0060 7~-rey measurements



wes ~ 30% at a pressure of 1077 m Hg (a relatively poor
vacuum in comparison with pressures at satellite altitudes)

for & duration of ~ 100 hours. Extensive investigation has
been performed and is continuing in this laboratory concerning
the gain degradation of the continuous chamnel multiplier at a
variety of pressures and with different amplifier-discriminator
circuits both individually (with pulse-height analyzers) and in
LEPEDEA assemblies. All results so far indicate that thé present
LEPEDEA assembly and electronics combination should have an
operating lifetime of at least one year with regard to secular
changes of multiplier gain. Perlodic calibrations of the

OGO B LEPEDEA have been performed since its final assembly

on 1 March 1965 to the period of this report (July, 1965)
during various envirommental tests at S.U.I. and G.S.F.C.

and will continue until lesunch. After launch the gain drift

of the multipliers will be determined by monitoring the
galactic cosmic ray response for the high energy chamnels at
appropriate satellite apogee positions; such positions will be
selected on the basis of the unshielded 213 G.M. tube

(Ee > Lo keV, EP > 500 keV) responses. Since the amplifier
threshold is ~ 3 mV and corona discharges may produce

voltage ‘spikes' with voltage amplitudes up to ~ 3 kV at the

amplifier input during unrealistic environmental tests




h mu Hg, for example) protection circuits

(pressure > 10~
antecede the amplifier input which are sufficient to eliminate
the possibility of amplifier gain degradation due to
repetitive 3 kV pulses.

The highevoltage power supply for the electrostatic
analyzer provides a known and variasble voltage over the range
5 V to 6,000 V. The control deck shown in Figure 1 provides
a known sequence of reference voltages to a differential
emplifier which modulates the amplitude of the chopped wvoltage
waveform on the primary side of a step-up transformer and
slaves the high-voltage supply output by utilizing the
reference voltage from a resistive divider across the end
of the multiplier string to circuit ground. The electro=
static analyzer voltage is monitored by feeding the voltage
on the primary side of the transformer to a voltage-
controlled oscillator which 1s periodically sampled by the
signal conditioner. The control deck provides a programmed
sequence of 15 reference voltages corresponding to 16 electro-
static analyzer curved-plate volteges. The reference voltage
is stepped to a higher voltage once each 19 seconds by means
of an internally generated timing pulse until the highest
voltage is attained and the reference voltage is returned to

0 V and another cycle is initiated. The decay of the plate




voltage at the beginning of each cycle (6,000 V to 5 V¢

in ~ 25 seconds and hence requires two adjacent O V
reference voltages) provides a relatively rapid scan of the
proton and electron energy spectrums over the energy range
70,000 eV to 50 eV whereas the 14 stepped voltages fully
covering the energy range 90 eV to T0,000 eV allow studies

of the temporal variations of electron and proton intensities
in a given energy range and increase the sensitivity of the
instrument by virtue of the ability of the signal conditioner
to obtain up to 130 samples and the longer accumulation time,
respectively, during a given voltage step.

Each of the 1';wo TEPEDEA instrumentation groups is
accompanied by an FON No. 215 Geiger-Mueller tube with the
axis of its collimated field of view parallel to the correspond=-
ing axis of each LEPEDEA. Electrons E, > 40 keV and protons
Ep > 500 keV penetrate the 1.2 mg (cm)"2 windows of these G.M.
tubes. The dynamic range of the G.M. tubes extends from
10% to 10° (cnP-sec-sr)~t. The outputs of the two G.M. tubes,
the two voltage-controlled oscillators monitoring the electro=-
static curved-plate voltages, and the four continuous channel
multipliers are subcommutated and equally time-share & 15-bit
accumulator in the experiment signal conditioner.

A short summaery of the temporal resolution, dynamic range,

and energy resolution of the OGO B LEPEDEA is as follows:
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Mode I: Scan of the proton and electron differential energy
spectrums over the energy range 90 eV to 70,000 eV in
two mutually orthogonal directions by stepping the
analyzer plate voltages.

Energy range: 90 eV to 70,000 eV
Particle type: protons-and electrons separately
Particle direction: megsurements of both electrons and

protons in the above energy range in
two mutually orthogcnal directions
(for 0G0 B, along the +Y and +Z
body axes)

Dimensions of fields o o
of view: 6 x25

Energy range coversge: full coverage of energy range 90 eV
to 70,000 eV in 14 analyzer voltage
steps (i.e., no gaps between energy
bandpasses)

Cycle time for complete
spectral measurement: 300 seconds

Dynemic range: 10h o 100 perticles (cm2-sec-sr)'l

(at 1 kv (sec)™t)

5 x 10° to 10%° (c:m2-se<:-:sr)':L
(at 64 kb (sec)-l)

Resolution for temporal

variations in inten-

sity in any energy band~ -1
pass: ~ 100 milliseconds (at 64 kb (sec)™™)

Mode II: Rapid scan of electron and proton differential energy
spectrums complementary to Mode I.
Energy range: 50 eV to 70,000 eV

Particle type: same as Mode X




Particle direction: same as Mode I

Cycle time for complete
spectral measurement: 25 seconds

Repetition rate of
Mode II: once each 300 seconds

Dynamic range: same as Mode I

The details of the electrostatic anelyzer geametry are
shown in Figure 2. Three cylindrical curved plates Pl’ Pa, aend
P3 form two L43° electrostatic analyzers for analysis of proton
and electron differential energy spectrums separately. The two
outer plates Pl and P3 are tied to circuit ground and the
center plate Pa is supplied with a varieble positive potential
ranging from 5 V to 6,000 V. Hence the outer analyzer Cy
accepts electrons of sppropriate energy and the inner analyzer
Cl performs analyses of positive ion differential energy
spectrums. This geometry was chosen primarily because of its
mechanical simplicity (i.e., only one curved plate with high
voltage is required for two electrostatic analyzers), large
energy bandpass width, and large geometric factor. The radii
of curvature of plates Py, P,, and P3 are 11.6 cm, 12,8 cm,
and 13.9 cm, respectively. In order to suppress the ultra=-
violet (primarily La) and electron scattering along the

analyzer plates into the continuous channel multipliers
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(A and B are the entrance apertures) the concave surfaces of
plates P2 and ]?3 were machined with sawtooth serrations of

1 mn depth facing the entrance apertures of the electrostatic
analyzers. An elsborate collimator with knife-edged light
baffles was also added to reduce this scattering and to define

a rectangular field of view with dimensions 6° and 25° in the
-plane of and in the plane perpendicular to Figure 2, respectively.
A1l interlor surfaces of the electrostatic analyzer and of the
collimator were platinum~blackened to further suppress the
contamination of the analyzer response to solar IX. Direct
calibrations of this instrument's response to ultraviolet

light will sotn be performed but magnetospheric charged
particle measurements are the primary mission of this experi-
ment and do not require the detector to directly view the sun.
Data acquired while the enalyzers view the sun can be idenuified
from the known attitude of the spacecraft and will be processed
separately.

A simplified diagram of the mounting of the continuous
chamnel multipliers is also shown in Figure 2. The multipliers
are positioned such that the normals to the surface of their
entrance spertures form approximately a 30° angle with the
normals to the exit apertures of the respective electrostatic

analyzers. This feature forces all primary charged particles
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incident on the aperture of the multiplier to produce secondary
electrons near the front end (as compared with normal incidence
where a primary particle could penetrate more deeply into the
multiplier before striking the capillary wall) thus utilizing
the full gain of the detector without a large sacrifice in
projected area. The entrance apertures of the continuous
chamnel multipliers are biased at 150 V (A) and -3,000 V (B)
for post-acceleration of electrons and protons, respectively.
Electron pulses arriving at the exit apertures C and D of the
multipliers are accelerated into charge-collecting cups Y and X
by a potential difference of +50 V. The cup Y for the electron
channel 1s at & potential of 3,000 V and is coupled into an
amplifier by means of a capacitor (50-100 pf).

Three views of the 0GO B LEPEDEA instrumentation are
given by Figures 3, 4, and 5. The low=-voltage power supply is
shown in Figure 3 (center) with the two control decks for the
anelyzers at the extreme left and right of the struecture.
Figure U4 displays a control deck on the extreme left, the
213 G.M. tube housing (tube at top) and four high-voltage
power supplies: +700 V for the 213 G.M. tube, =3,000 V
and +3,000 V for the continuous channel miltipliers, and
the 5 V to 6,000 V power supply for the analyzer plate.

A similar set cf electronics for the second analyzer is on the
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opposite side of the unit. The thermal shell and collimators
of the completely assembled instrument are shown in Figure 5.
The dimensions of the right parallelepiped portion of the
structuré are T.1 in. (height), 7.1 in. (width), and 6.9 in.
(depth). Average power supplied to the instrument is 2 watts
and the weight including thermal cover and collimators is

6.3 pounds.
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ITY. CALIBRATIONS WITH CHARGED PARTICLE BEAMS

The absolute efficiencies of the continuous channel
multipliers for counting singly ionized lithium ions (Li+)
and electrons over the energy range 50 eV to 25,000 eV
were obtalned with a laboratory electron-ion gun which pro-
vided a stable and homogeneous beam of ~ 1013 amp (c:mz)"l
over the above energy range. A curve of the absolute
efficiency (i.e., comnts (numbers of ions incident on the

3 mne)'l) of a selected multiplier for

aperture area of 8 x 10™
counting it ilons as a function of ion energy is given in
Figure 6. The entrance aperture of the continuous charmel
miltiplier was grounded and the bias voltege at the exit
aperture was +2750 V; hence there is no post~acceleration

of the incident Li+ ions. Amplifier-discriminator electronics
identical to those installed in the LEPEDEA instrument were
used. The efficiency of the continuous chammel multiplier
for counting 1i* ions rises from <hkx 1077 count (ion)":L
at 70 eV to a peak efficiency of 0.5 (+ 20%) count (:!.on)':L at
3,000 eV and then monotonically decreases with increasing ion
energy to 0.3 count (ion)"l at 30,000 eV. Direct calibrations
of the multiplier with protons will soon be undertaken bub

the absolute efficiency for counting nrotons E 2 3,000 eV
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should not largely differ from the Ii' curve of Figure 6
(compare the extreme cases of Lit and electron efficiencies
for energles exceeding 3,000 eV of Figures 6 and 7,
respécti.vely). Since the posteacceleration potential is
«3,000 V for the positive ion detector of the LEPEDEA
(refer to Figure 2) only that portion of the efficiency
curve of Figure 6 for ion energies > 3,000 eV is
vertinent to this instrument. The absolute efficiency of
the multiplier (again no post-acceleration voltage and with
the LEPEDEA amplifier-discriminator electronics) for counting
electrons as a function of energy is shown in Figure 7.
At 30 eV the efficiency is It x 10"1‘L counts (elecf:.ron)":L )
rises to a peak value of 0.5 (+ 30%) counts (electron)-l
at LOO eV and then monotonically decreeses to 0.07 counts
(electron)™t at 25 ,000 eV. Reference to Figure 2 shows that
the post~acceleration voltege for the electron detectors of
the LEPEDEA instrument is + 150 V; hence all electrons
arriving at the detector will have energies > 150 eV and will
be efficiently counted (refer to Figure T).

Calibrations of several proton and electron charmmels of
the OGO B LEPEDEA are shown in Figures 8, 9, 10, and 11. Since

the OGO B unit has 14 channels (voltage steps) X 2 species
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(electrons and protons) X 2 analyzer sets (two directions)

= 56 individual channels, only several representative band-
passes are discussed here. Figure 8 displays the counting
rate of a LEPEDEA proton channel (curved-plate voliage,

106 V) as a function of incident ion energy and with the angle
between the normal to the entrance aperture of the electro-
static analyzer and the direction of the ion beam, @, as a
parameter. The angle © lies in the plane of Figure 2. For
each angle of incidence @ = 2°, 5°, and 9° and fixed curvede
plate voltage Vp s the particle energy was varied with a
constant beam intensity. For a given angle of incidence ©

the energy bandpasses of Figure 8 are well defined with a
notable absence of scattering *ghosts' or '+ails' at the

high energy cutoffs. Two characteristics of the bandpasses are
immediately noticed, the ion energy corresponding to the center
of the bandpass, E,, and the width AE/EC of the bandpass"
increases with increasing angle of incidence @. Hence the
width AE/E of the bandpass is determined to a large extent
by the collimator angles shown in Figure 2. This dispersion
of the bandpass energies over a small angle of ~ 6° will be
unimportant for most megnetospheric applications; highly
directional beams can be measured when the instrument is in

its scan mode of operation (i.e., continuously varying
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curved-plate voltage). The energy bandpass shown in Figure 8
extends from 625 eV to 950 eV or a width AE/E = 0.L43.

A higher energy positive ion chammel is shown in Figure 9

for a curved-plate voltage v, = 1710 V. The general
characteristics of the energy bandpess as a function of energy
and angle of incidence O are similar to those of a lower
energy channel (refer to Figure 8). The energy bandpass
displayed in Figure 9 extends from 11 keV to 18 keV with a
width AE/ E, = 0.48. Electron channels also share similar
bandpass characteristics as shown in Figure 10. With

2600 V supplied to the curved plate the energy bandpass

(15 keV to 26 keV) has a width of AE/E, = 0.5k, The
coverage of the electron energy decade 1 kaV to 10 keV pro=
vided by five consecutive channels is displayed in Figure 11.
A beam of electrons of constant intensity

(5 x 107 electrons (cme-sec)'l) , angle of incidence © = 5°
and variable energy was used to scan the five adjacent
channels. Corresponding curved-plate voltages are given in
the legend of Figure 1ll. The bandpasses are well-defined
with background rates due to electron scattering smaller than
the peak chamnel response by a factor > 500. The gaps

between the energy bandpasses are filled by the dispersion
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of the bandpasses as a function of incidence angle ¢ (for

example, refer to Figure 10) so that the energy range 1 keV

to 10 keV is fully covered by the five channels, or voltage

steps, 7 through 11.

After the experimental determination of

the characteristics of the LEPEDEA bandpasses as demonstrated

above the curved-plate volteges were trimmed so that the

1L discrete steps fully covered the energy range 90 eV to

70,000 eV. The epproximate energy bandpasses are as follows:

90
145
230
370
600
950

1500
2400
3800
6200
9800

16000

26000

L2000

eV
eV
eV
eV
eV
eV
ev
eV
eV
eV
eV
eV
eV
eV

to
to
to
to
to
to
to
to
to
to
to
to
to
to

145 ev,
230 eV,
370 eV,
600 eV,
950 eV,
1500 eV,
2400 eV,
3800 eV,
6200 eV,
9800 eV,
16000 eV,
26000 eV,
42000 eV, and
67000 eV

for protons and electrons separately. The scanning mode of the

instrument with a continuously varieble voltage on the plates

complements the ebove stepping mode. The positions of the



energy bendpasses vary for different anelyzers by ~ 10%
depending primarily on the performance of the high voltage
supplies and positioning of the curved plates and are
determined by direct calibrations with charged particle

beams and by measurements of the curved-plate voltages.

Future improvements of the instrument will be directed

toward extending the energy range, increasing the temporal
resolution for messuring charged particle spectrums and

increasing the intensity dynamic range.
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FIGURE CAPTIONS

1. Block diagram of major components of the electrostatic
enalyzer and its accompanying 213 Geiger-Mueller tube.

2. Geometry of the mechanical assembly of the curved
plates, collimator, and light baffles, and continuous
chamnel multipliers.

3« Photograph of the OGO B LEPEDEA ingtrument with the
low~voltage power supply shown in center.

k. Photograph of the OGO B LEPEDEA instrument with one
of the two high voltage sections (+700 V, +3,000 V,
-3,000 V and 5 to 6,000 V) on the right, tubular
213 G.M. tube housing (upper left) and control deck
on the left.

5. Another photograph showing assembled thermal cover
and collimators. The upper and lower slits inside the
collimator are the electron and proton channels,
respectively, of one of the two analyzers.

6. Absolute efficiency of a continuous channel multiplier
for counting Li+ ions as a function of ion energy without
post-acceleration at the multiplier. A post-acceleration
potential of -3,000 V is used in the LEPEDEA.

T. Absclute efficiency of a continuous channel multiplier
for counting electrons as a function of electron energy
without post-acceleration. A post acceleration potential
of +150 V is used in the flight instrumentation.




Figure

Figure

Figure

Figure
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8. The response of one of the positive lon channels to
& Ii' veam of intensity 5 x 101’ (c:m'?-sec)":L as & function
of ion energy and engle of incidence Q.

9. A continuation of Figure 8 for a higher energy
positive ion channel.

10. The response of one of the electron chamels to an
electron beam of intensity 3 x 10° (cma-sec)'l &s a
function of electron energy and angle of incidence 0.

1l. A composite of the responses of five electron
chamnels to an electron beam of intensity
5 x 10° (cma-sec)'l over the energy range 1 to 10 keV

and directed at a fixed incidence angle © = 5°, The

dispersion of the energy bandpasses as a function of @
will allow these five channels to fully cover the
energy range 1 to 10 keV.
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LEPEDEA MECHANICAL ASSEMBLY

Figure 2



FIGURE 3
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FIGURE 5
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Figure 11

0GO-B LEPEDEA
RESPONSE VERSUS
ELECTRON ENERGY
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